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(54) Thermal energy storage and discharge system 

(57) A thermal energy storage and discharge system comprises a conduit array (9. 17, 21) and pumps 
(10,18) such that heat transfer medium flows between a heat exchang er (3) arranged to receive thermal 
energy into said system and a thermal energy storage ta nk (8) a nd between said tank and a heat 
exchanjerm arranged to discharge thermal energy from satd system. Said t ank (8) is charged with 
spheroi dal thermal energy storing members ( 37 Fig. 2,3,4) each charged with a thermal energy storing 
medium, a bypass conduit (21) branches out from the conduit 17 at a junction (19) upstream of said heat 
exchanger J7)^ and rejoining said conduit 17 at a junction (20) downstream of salcTheat exchanger (7). 

Said system further comprises a temperature sensi ng means (23, 24 ) arranged to monitor the 
temperature of said heat transfer medium passing from said junction (19) to said heat exchanger (7) and to 
generate a signal, a control valve (22) arranged to adjust the flow rate of said heat transfer medium 
through said conduit (17) and said bypass conduit (21) and a control (25, 26) arranged to operate said 
control valve (22) in response to said signal to increase or decrease the flow rate of said heat transfer 
medium through said bypass conduit (17) and said tank (8) when the temperature (t) of said medium 
monitored by said sensing means (23, 24) deviates from a preset value (T) whereby to reduce the 
deviation (At) from said preset value. 
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SPECIFICATION 



Thermal energy storage and discharge system 

5 The present invention relates to a thermal energy storage and discharge system, more particu- 5 
lariy rt relates to such a system utilizing latent heat, e.g. based upon the phase change pheno- 
menon in which a substance is melted or solidified at a certain temperature 

As is well known, a thermal energy storing method utilizing a thermal energy storing material 
which stores thermal energy as latent heat has been recently noted because thermal energy 
10 storage density is higher in comparison with a technology utilizing sensible heat so that a 10 
considerable quantity of heat can be obtained and because a plant therefor can be compactly 
constructed. Accordingly, thermal energy storing materials and thermal energy storing tanks 

"SS^r^Ht ^J* , We " ? P[° cesses ' P |ant8 ' systems or the like utilizing them have been 
developed and in particular it has been proposed that the thermal energy storing materials be 
15 rnamry applied to utilization of hot heat obtained from solar energy and the like. Where a system 15 

Tl e l^ energv ,n 8 thermal energy storin 9 materi al in me w 9her temperature phase, i e 
that stable at temperatures above the phase transition temperature, the system will be referred 
to hereinafter as stonng "hot heat" and where the thermal energy is stored in the thermal 
?n ^SL^S^"^ '? the ' OWe ^ temperature phase, the system will be referred to hereinafter 
20 as stonng cold heat . In general hot heat storage and discharge systems may be used for 20 

pu^oses >UrPOSeS Stt>ra9B discharge systems may be used for refrigerating 

o a J S hr n r!w^ Pr « POSalS ' a 1 wn . ole ..system of a thermal energy storing plant utilizing latent heat 
can be referred to, for example, in "Energy & Resources". Vol.4. No.4 (1983) published by 
25 Energy^ Resources Society. In particular, a solar system and an air conditioning system are 25 
reported as an experimental application of thermal storage utilizing latent heat in "Energy & 
Resources , pages 51 to 54. In these known systems, is used a cooling plant, as shown in Fig. 
15 hereto, which can operate both in a thermal medium energy storing made therein a heat 
transfer is discharged from a compressor and is circularly returned back through a condenser 
30 and a thermal energy storing tank and in a thermal energy radiating mode wheren the heat 30 
transfer medium is circulated between the thermal energy storing tank and an air cooler. This 
system is more or less satisfactory. However, in the prior art system, during the thermal energy 
radiating mode, all of the heat transfer medium discharged from the air cooler is merely returned 
back thereto through the thermal energy storing tank. In other words, the supply of the heat 
35 transfer medium to the air cooler (equipment provided at an energy consumption side) and the 35 
temperature of the heat transfer medium are not controlled and regulated in response to heat 
consumption requirements which are defined by the energy consuming equipment. Accordingly 
the pnor systems still remain in the experimental stage and it is necessary to solve many 
problems in order to put the systems to practical use. 
40 Thus viewed from one aspect the present invention provides a thermal energy storage and 40 
discharge system utilizing latent heat and comprising a conduit array arranged to pass heat 
transfer mediurn between a first heat exchanger arranged to receive thermal energy into said 
system and a thermal energy storage tank arranged to store thermal enegy received into said 
system and between said tank and a second heat exchanger arranged to discharge thermal 
45 energy from said system, 45 
said tank being charged with spheroidal thermal energy storing members each charged with a 
thermal energy stonng medium, said conduit array comprising a first conduit element arranged to 
pass heat transfer medium under the action of pump means from said first heat exchanger to 
said tank and to return heat transfer medium from said tank to said first heat exchanger a 
50 second conduit element arranged to pass heat transfer medium under the action of pump means 50 
from said second heat exchanger to said tank and to return heat transfer medium from said tank 
to said second heat exchanger, and a bypass conduit element branching out from said second 
conduit element at a first junction upstream of said second heat exchanger and rejoining said 
second conduit element at a second junction downstream of said second heat exchanger 
55 said system further comprising a temperature sensing means arranged to monitor the tempera- 55 
ture of said heat transfer medium passing from said first junction to said second heat exchanqer 
and to generate a signal, control valve means arranged to adjust the flow rate of said heat 
transfer medium through said second conduit element and said bypass conduit element and 
control means arranged to operate said control valve means in response to said signal to 
60 increase or decrease the flow rate of said heat transfer medium through said bypass conduit 60 
element and said tank when the temperature of said medium monitored by said sensing means 
deviates from a preset value whereby to reduce the deviation from said preset value. 

Viewed from an alternative aspect however, the invention provides a thermal energy storaqe 
system utilizing latent heat comprising a heat transmitting tube for a time of thermal enerqy 
65 stonng mode and a heat transmitting tube for a time of thermal energy radiating mode, said heat 65 
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transmitting tube for the thermal energy storing mode being arranged to pass a heat transfer 
medium, which is discharged from a heat exchanger provided at an energy generation side, to a 
thermal energy storing tank under the action of a pump and return said heat transfer medium to 
the heat exchanger provided at said energy generation side, said thermal energy storing tank 
5 densely receiving small spherical thermal energy storing members therewithin, each of said small 5 
spherical thermal energy storing members being charged with a thermal energy storing medium, 
said heat transmitting tube for the thermal energy radiating mode being branched out from a part 
of the first-mentioned heat transmitting tube at the upstream side of said thermal energy storing 
tank and connected, through a heat exchanger provided at an energy consumption side, to a 

10 part of the first-mentioned heat transmitting tube at the downstream side of said thermal energy 10 
storing tank, thereby passing a heat transfer medium, which has been discharged from the heat 
exchanger provided at said energy consumption side, to the thermal energy storing tank under 
the action of a pump and then passing said heat transfer medium to the heat exchanger 
provided at said energy consumption side, wherein said thermal energy storing system utilizing 

15 latent heat further comprises a bypass tube for connecting the parts of the heat transmitting 15 
tube for the thermal energy radiating mode at the upstream and downstream sides of the heat 
exchanger provided at said energy consumption side and a three-way control valve arranged at 
the junction point between the heat transmitting tube for the thermal energy storing mode and 
the bypass tube which are so constructed that when the temperature t of the heat transfer 

20 medium detected at a position short of the point where the heat transfer medium enters through 20 
said junction point into the heat exchanger provided at said energy consumption side becomes 
higher than a predetermined temperature T at the same position, the difference At between the 
temperatures is used as a control signal to actuate said three-way control valve to cause a part 
of the heat transfer medium, which is discharged from the heat exchanger provided at said 

25 energy consumption side, to pass through the bypass tube and return into the heat exchanger 25 
provided at said energy consumption side, thereby adjusting the flow rate of the heat transfer 
medium which is passed through said thermal energy storing tank. 

Thus the present invention provides a thermal energy storing system utilizing latent heat which 
is carried out on the basis of the fact that a quantity of thermal energy radiated from a thermal 

30 energy storing tank to a heat transfer medium can be varied in response to a change of a flow 30 
rate of the heat transfer medium passed through the thermal energy storing tank, wherein, in a 
thermal energy radiating or discharge mode, a real temperature of the heat transfer medium is 
detected as a control signal when it enters into a heat exchanger provided at the energy 
consumption or discharge side of the system, wherein the flow rate of the heat transfer medium 

35 passed through the thermal energy storing tank is regulated in response to a control signal so 35 
that a temperature of the heat transfer medium supplied to the heat exchanger of the energy 
consumption side is, at all times, in accordance with energy consumption requirements of the 
energy consumption side, and wherein the control of operation can be easily carried out. 
The thermal energy storing tank is very important because efficient operation of the thermal 

40 energy storing systems or plants therefor depends upon an arrangement of the thermal energy 40 
storing tank which forms a part of the systems or plants. In most of the prior systems or 
plants, a shell and tube type or a spiral coil type is used as a thermal energy storing tank and 
comprises a tank body, a tube member extending through the tank body, and a phase changing 
substance or thermal energy storing medium with which the tank body is filled. The thermal 

45 energy storing tank as shown in Fig. 15 hereto and a thermal energy storing tank as disclosed 45 
in Japanese Patent Laid-Open No. 53-9596 are of these types. On the other hand, another type 
is proposed as disclosed in Japanese Patent Laid-Open No. 53-25939. This thermal energy 
storing tank comprises a cylindrical steel vessel filled with the thermal energy storing medium, 
said vessel being supported on rollers and being rotated by a small drive motor so that heat is 

50 exchanged between the thermal energy storing medium and a gas. It may be noted that 50 
according to recent researches of the present inventors, it has been found that the thermal 
energy storing tank has a constructional limitation in increasing the volume (thermal energy 
storage capacity) of the thermal energy storing medium within the tank, that there are difficulties 
in shortening the thermal energy storage/thermal energy radiation time, that there is a limitation 

55 in shaping the thermal energy storing vessel using a circular tube and. a spiral coil so that they 55 
cannot be immediately incorporated in the existing thermal energy storing tanks, that the durabil- 
ity of the thermal energy storing tank is poor because cracks may be caused in comers of the 
tubes, etc. Accordingly, in order to promote the thermal energy storing system utilizing latent 
heat from the experimental stage to the practical stage, it has been necessary to develop a 

60 novel thermal energy storing tank by which the prior tank can be replaced. 60 
In order to respond to the demand mentioned above, some experiments and researches have 
been tried by the present inventors so that it is found that the above-mentioned problems can 
be solved by use of small spherical thermal energy storing members which are filled with the 
phase changing substance or the thermal energy storing medium. Japanese Patent Application 

65 No. 59-52974 discloses a thermal energy storing tank which receives the small spherical 65 
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thermal energy storing members. As the systems according to the present invention include a 
said thermal energy stonng tank having such spherical members, the above-mentioned problems 
of the pnor art can be also solved by the present invention. However, the invention disclosed in 
Japanese Patent Application No. 59-52974 involves some unsolved problems as follows- 
° ne of ™ unsolved problems is to develop means for improving a contact relationship 
between the small sphencal thermal energy storing members and the heat transfer medium 
passing through the thermal energy storing tank becuase it is necessary to uniformly contact the 
heat transfer medium with the small spherical members in each of sections thereof in order to 

m r*HZ a J* oper ! tion - 1* er * ma V be ^ ways for developing said improving means: one is 

10 to diffuse and spread out the heat transfer medium as much as possible when it is introduced 
from the inlet port of the tank onto the small spherical members received therewithin; and the 
°™T ls t0 avoid musing 'ocalV non-uniform convection in the heat transfer medium within 
the tank because if non-uniform convection is locally caused, the heat conductivity is non- 
uniform in each of the sections of the heat transfer medium so that uniform heat exchange with 

15 the small spherical members cannot be achieved. 

Another unsolved problem was to develop means for determining an optimum pressure loss 
which governs a velocity of the heat transfer medium (which is considerably affected by the 
friction) at the time when it is passed through the thermal energy storing tank because it is 
necessary to determine an optimum residence time of the heat transfer medium within the tank 

20 for tiie reason that as the residence time of the heat transfer medium increases, the thermal 
efficiency of the heat exchange increases. Accordingly, it is desirable to determine an optimum 
diameter and an optimum length of the thermal energy storing tank. In addition, as one of the 
unsohred problems, the drainage of the tank which is very important for practical purposes 
should be noted because it has to be carried out after the tank receives the small spherical 

25 thermal energy storing members. 25 
Accordingly, we have now found that the thermal energy storage tank advantageously com- 
prises a hollow closed ended cylindrical body member having a substantially horizontal cylindrical 
axis, having inlet and outlet ports for heat transfer medium passing through the system at the 

30 ITnil l! ? 6 bod r, men ? be r' ™ d . flow ****** members, e.g. multiply perforated 

30 circutor plate members, within the body member and in facing relation with the ports The 30 
cylindncal body member advantageously has a diameter to length ratio of from 13 to 16 and 
preferably has on its underside at least one drainage port to permit the drainage from said body 
member of heat transfer medium contained therein, the openings to said drainage port beinq so 
dimensioned as to prevent said spheroidal thermal energy storing members from being drawn 
oo out therethrough. 2^ 

Viewed from a still further aspect the invention therefore provides a thermal energy storaqe 
system utilizing latent heat comprising a heat transmitting tube for a time of thermal energy 
stonng mode and a heat transmitting tube for a time of thermal energy radiating mode, said heat 
transmitting | tube for the thermal energy storing mode being arranged to pass a heat transfer 

40 medium, which is discharged from a heat exchanger provided at an energy generation side, to a 40 
thermal energy stonng tank under the action of a pump and return said heat transfer medium to 
tne heat exchanger provided at said energy generation side, said thermal energy storing tank 
densely receiving small spherical thermal energy storing members therewithin, each of said small 
sphencal I thermal energy storing members being charged with a thermal energy storing medium. 
^'1 « t J ran s"V tt,n 9 ^be for the thermal energy radiating mode being branched out from a part 45 
of the first-mentioned heat transmitting tube at the upstream side of said thermal energy storing 
tank and connected, through a heat exchanger provided at an energy consumption side, to a 
part of the first-mentioned heat transmitting tube at the downstream side of said thermal energy 
stonng tank, thereby passing a heat transfer medium, which has been discharged from the heat 

so exchanger provided at said energy consumption side, to the thermal energy storing tank under 50 
the action of a pump and then passing said heat transfer medium to the heat exchanger 
provided at said energy consumption side, wherein said thermal energy storing system utilizing 
latent heat further comprises a bypass tube for connecting the parts of the heat transmitting 
tube for the thermal energy radiating mode at the upstream and downstream sides of the heat 

55 exchanger provided at said energy consumption side and a three-way control valve arranged at 55 
the junction point between the heat transmitting tube for the thermal energy storing mode and 
the bypass tube which are so constructed that when the temperature t of the heat transfer 
medium detected at a position short of the point where the heat transfer medium enters through 

ro w l. m V° n P° m V ,nto the exchanger provided at said energy consumption side becomes 

60 higher than a predetermined temperature T. at the same position, the difference At between the 60 
temperatures is used as a control signal to actuate said three-way control valve to cause a part 
of the heat transfer medium, which is discharged from the heat exchanger provided at said - 
energy consumption side, to pass through the bypass tube and return into the heat exchanger 

65 Sll^hi? energy consumption side, thereby adjusting the flow rate of the heat transfer 

65 medium which is passed through said thermal energy storing tank, wherein the thermal energy 65 
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storing tank is of a horizontal stationary type, which comprises a cylindrical body, end caps fixed 
to the opposite ends of said cylindrical body, connection ports, flow diffusing members disposed 
near the opposite ends of the cylindrical body in confronting relation to said connection ports, 
and a draining means formed at the lower position of the horizontal body, wherein the ratio of 
5 the diameter D to the horizontal length L of the tank is within the range 1:3-6 and wherein the 5 
tank contains a plurality of small spherical thermal energy storing members, each filled with a 
thermal energy storing medium, which are closely received in an inside chamber of the tank 
defined by said flow diffusing members, said draining means being formed of a draining tube, 
one or more draining openings and a valve for closing said draining tube, said one or more 

10 draining openings being so formed as to inhibit the passage of said small spherical thermal 10 
energy storing members but to allow the passage of the heat transfer medium. 

Thus the invention provides a thermal energy storing system utilizing latent heat which is 
designed so that a thermal energy storing tank having a given volume can be given a maximum 
thermal energy storage capacity and that the thermal conductivity per unit volume is so high as 

15 to be capable of shortening the thermal energy storage/radiation time as much as possible, 15 
wherein portions of the tank which may be subjected to corrosion are few so that the durability 
thereof can be increased, and wherein the design of the tank need not be limited by thermal 
energy storing members. Thus, also the present invention provides a thermal energy storing 
system utilizing latent heat, wherein there is provided means for uniformly diffusing and spread- 

20 ing out a heat transfer medium within a thermal energy storing tank in a plane perpendicular to a 20 
direction along which it enters into the tank, especially just after the entrance, so that the heat 
transfer medium is uniformly contacted with small spherical thermal energy storing members. 
Furthermore, the present invention provides a thermal energy storing system utilizing latent heat, 
wherein a thermal energy storing tank per se may be of a horizontal stationary type so as to 

25 eleiminate or reduce effects resulting from external forces and the force of gravity, by which 25 
unforeseen convection is caused in a heat transfer medium, whereby a uniform convection is 
caused in each of sections of a mass of small spherical thermal energy storing members so that 
a uniform heat conduction can be obtained in each of said sections. Moreover, the present 
invention provides a thermal energy storing system utilizing latent heat, wherein there is provided 

30 a thermal energy storing tank which assures a velocity of a heat transfer medium (residence time 30 
thereof within the tank) for obtaining a good thermal efficiency in a heat exchange by determin- 
ing an optimum relationship between the diameter and the length of the tank, which governs a 
pressure loss of the heat transfer medium passing through the tank. According to some experi- 
ments of the present inventors, it has been found that the optimum relationship is the ratio of 

35 the diameter to the length, which can be determined within the range 1 :3-6. 35 
The present invention also provides a thermal energy storing system utilizing latent heat, 
wherein there is provided a thermal energy storing tank which is designed so that a drainage of 
the tank in which small spherical thermal energy storing members are densely received and 
settled can be easily carried out, if necessary, without falling the small spherical members 

40 downwardly, and that is convenient to handle in situ. 40 
In the thermal energy storing system utilizing latent heat as mentioned above, one of the most 
basic elements is a thermal energy storing medium which is charged in thermal energy storing 
members received in. a thermal energy storing tank. Many researches and developments of such 
a heat transfer medium have been promoted so that many substances for using as the thermal 

45 energy storing medium are reported. However, most of the reported substances have a melting 45 
point or solidification point which is above 5°C. A few substances having a melting point or 
solidification point which is below 0°C are merely proposed by Japanese Patent Laid-Open No. 
59-93780 and others. However, they are directed to the thermal energy storing medium per se 
and thus disclose few systems or plants utilizing it. 

50 We have now found that by charging the thermal energy storing members with an aqueous 50 
eutectic mixture, e.g. containing Na 2 C0 3 , KHC0 3 , BaCI ? , KCI, NH 4 CI, NH 4 N0 3 , CaCI 2 , NaBr, MgCI 2 , 
K 2 C0 3 , NaOH or H 2 S0 4 , energy storage and discharge systems according to the invention may 
advantageously be arranged to store and discharge cold heat. 
Where a thermal energy storing medium having a melting/solidification point which is —3, —6, 

55 —8 or — 10°C is charged in the small spherical thermal energy storing members, the system is 55 
suitable for a cold heat soruce which is used in a storage and/or a reaction process involved in 
beer production factories, beverage production factories or the like. Also, the system is suitable 
for a cold heat source which is used in a low temperature reactor included in a dairy plant. 
Furthermore, the system is suitable for a cold heat source which is used in a freezer involved in 

60 a display case for goods, products or the like. In addition, the system is suitable for a cold heat 60 
source which is used in a storage involved in a distribution industry of frozen foods, fruits, 
flowers or the like. 

Where a thermal energy storing medium having a melting/solidification point which is —15, 
— 17, —18 or —21 °C is charged in the small spherical thermal energy storing members, and 
65 wherein the charged small spherical members are received in the thermal energy storing tank the 65 
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system is suitable for a cold heat source which is used in a meat storage involved in a 
slaughterhouse, a meat distribution center or the like. Also, the system is suitable for a cold 
heat source which is used in a rink for ice skating. Furthermore, the system is suitable for a cold 
heat source which is used in a storage of medicine or blood involved in medicine industry. 
5 Where a thermal energy storing medium having a melting / solidification point of 0*C is 5 
charged in the small spherical thermal energy storing members, and wherein the charged small 
spherical members are received in the thermal enegy storing tank the system is suitable for a 
cold heat source which is used in a cooler of buildings. 

Where a thermal energy storing medium having a melting/solidification point which is -28, 
10 -33 or -37°C is charged in the small spherical thermal energy storing members, and wherein 10 
the charged small spherical members are received in the thermal energy storing tank, the system 
is suitable for a cold source which is used in a freezing warehouse. 

Where a thermal energy storing medium having a melting / solidification point which is 64°C is 
used the system is suitable for a heating of buildings, a hot-water supply, a hot-well or the like. 
15 Furthermore, in the systems of the present invention although the thermal energy storing 15 
medium is subjected to many times of repetition of melting and solidification, the systems can 
nonetheless be stably operated. 

In the systems of the invention, thermal energy storing and thermal energy radiating operations 
may be carried out as follows: 
20 1) In the thermal energy storing operation, the thermal energy generator is driven and the 20 
three-way control valve is so changed that the heat transfer medium is circulated between the 
(first) heat exchanger and the thermal energy storing tank. In other words, the heat transfer 
medium is circulated only along the heat transmitting tube for the thermal energy storing mode 
(the first conduit element) so that it is passed through the spaces among the small spherical 
25 thermal energy storing members held in the thermal energy storing tank. In this process, the 25 
thermal energy storing medium is melted or. solidified at the melting/solidification point, in 
particular, when hot heat is the subject of utilization, the latent heat is stored in the melted 
medium. To the contrary, when cold heat is the subject of utilization, the latent heat is stored in 
the solidified medium. 

30 2) In the thermal energy radiating operation, the energy generator is stopped and the three- 30 
way control valve is so changed that the heat transfer medium is circulated by the pump 
between the thermal energy storing tank and the (second) heat exchanger provided at the energy 
consumption side. Therefore, the heat transfer medium is passed through the spaces among the 
small spherical thermal energy storing members received in the thermal energy storing tank. In 

35 this process, heat is transmitted from the small spherical thermal energy storing members to the 35 
heat transfer medium. In particular, if hot heat is the subject of utilization, the latent heat is 
absorbed by the heat transfer medium on the solidification of the thermal energy storing me- 
dium. On the other hand, if cold heat is the subject of utilization, the latent heat is absorbed 
from the heat transfer medium on the melting of the thermal energy storing medium. In this 

40 way, the heat exchange is carried out so as to bear a load of the energy to the energy 40 
consumption side. 

Now, in the case where f is an actually detected temperature of the heat transfer medium 
passed through a position on the. upstream side of the (second) heat exchanger provided at the 
energy consumption side. 7 is a setting temperature which is set at the same position for 

45 controlling, and At is a difference between the real temperature f and the setting temperature 7, 45 
if f is equal to 7", the heat transfer medium is circulated only between the heat transmitting tube 
for the thermal energy storing mode and the heat exchanger provided at the energy consumption 
side so that a first thermal energy radiating mode is obtained. By the way, if it is said that f is 
over or higher than 7", this can be interpreted in two ways. That is. if cold heat is the subject of 

50 utilization, it means f<7 so that the real temperature of the heat transfer medium is over the 50 
setting temperature 7 at the inlet port of the heat exchanger provided at the energy consump- 
tion side thereby causing a too cold condition, whereas if hot heat is the subject of utilization, it 
means f>7 so that the real temperature of the heat transfer medium is over the setting 
temperature at the inlet port of the heat exchanger provided at the energy consumption side 

55 thereby causing a too hot condition. In short, when f is over 7, the three-way control valve is 55 
changed by using the differnce At as a control signal so that a part of the heat transfer medium 
which is discharged from the heat exchanger provided at the energy consumption side is passed 
through the bypass tube and is then returned back to said heat exchanger so that a second 
thermal energy radiating mode is obtained. 

60 In this way, the flow rate of heat transfer medium which is passed through the thermal energy 60 
storing tank is reduced and then the quantity of radiation energy is also decreased, whereby the 
temperature of the heat transfer medium passed through the position where is on the upstream 
side of the inlet port of the heat exchanger provided at the energy consumption side is 
controlled and regulated by using the setting temperature as a reference. 

65 On the other hand, in the case where the quantity of radiation energy received from the 65 
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thermal energy storing tank is decreased so that the relationship between the real temperature t 
and the setting temperature T is changed into t>T (when the cold heat is the subject of 
utilization) or t<T (when the cold heat is the subject of utilization), a closure of the bypass tube 
which is performed in this changing process is electrically detected so that the pump and the 
5 heat exchanger provided at the energy generation side are, if necessary, drived through a control 5 
system which is actuated by the detection. As the result, a part of the heat transfer medium 
which is discharged from the heat exchanger provided at the energy consumption side is passed 
through the heat exchanger provided at the energy generation side and is then returned back to 
the heat exchanger provided at the energy consumption side so that a backup operation mode 

10 or a third thermal energy radiating mode is obtained. 10 
In this backup operation mode, if f is over" T, the three-way control valve is changed so that a 
part of the heat transfer medium which is discharged from the heat exchanger provided at the 
energy consumption side is passed through the bypass tube and is then returned back to said 
heat exchanger while the flow rate of the heat transfer medium which is controlled and regulated 

15 in proportion to the difference At, whereby a fourth thermal energy raditating mode is obtained. 15 
In the fourth thermal energy radiating mode, as a flow rate of the heat transfer medium which 
is passed through the bypass tube is increased, a flow rate of the heat transfer medium which 
is fed to the primary side of said pump is decreased. When the flow rate of the heat transfer 
medium fed to the primary side of the pump becomes less than the output capacity thereof, a 

20 part of the heat transfer medium which is discharged from the heat exchanger provided at the 20 
energy generation side is directed to the primary side of said pump through the thermal energy 
storing tank and is then returned back to said heat exchanger so that both the thermal energy 
storing mode and the thermal energy radiating mode are obtained. 
In the thermal energy storing and thermal energy radiating modes, since the thermal energy 

25 storing tank of the present invention is so constructed as to receive the small spherical thermal 25 
energy storing members therein, it is possible to use about 68% of a given volume of the 
thermal energy storing tank as a volume for an energy storage capacity so that the energy 
storage capacity can be considerably more increased than thermal energy storing tanks of other 
types while it is possible to shorten the thermal energy storage/radiation time. Especially, as the 

30 heat transfer medium can be spread out within' the thermal energy storing tank during the 30 
passage thereof, the advantages or merits as mentioned above is sufficiently exhibited. In 
addition, a trouble about corrosion is hardly caused. Also, since the thermal energy storing tank 
per se is of a horizontal stationary type, it is unnecessary to use a power source and it is 
possible to gain a sufficient durability, while convections resulting from external rotational forces 

35 and the force of gravity are not caused in the heat transfer medium passing through the thermal 35 
energy storing tank. A main convection which may be caused within the tank is a unidirectional 
stream which moves from one side to the other side so that a generally uniform heat conduction 
is attained in each of sections of a mass of the small spherical thermal energy storing members, 
whereby when the thermal energy storing tank is manufactured as a product, a stable thermal 

40 energy storage/radiation characteristic is obtained in the products. On the other hand, in the 40 
thermal energy storing tank of the horizontal stationary type, since the ratio of the diameter D to 
the length thereof is determined within the range 1 : 3-^6 so that it is possible to determine the 
optimum pressure loss at the time when the heat transfer medium is passed through the tank, 
thereby assuring the optimum velocity of the heat transfer medium (residence time within the 

45 tank) for obtaining a good thermal efficiency in the heat exchange. Furthermore, the thermal 45 
energy storing tank may be provided with the draining tube and the one or more draining 
openings which prevent the small spherical thermal energy storing members from passing out 
therethrough but allow the passage of the heat transfer medium therethrough, whereby the 
drainage of the tank can be easily carried out. 

50 In the thermal energy storing system utilizing latent heat of the second-mentioned type accord- 50 
ing to the present invention, the small spherical thermal energy storing members received in the 
thermal energy storing tank are charged with a liquid which is mainly composed of one of the 
following aqueous solutions: 

eutectic mixture of sodium carbonate (NaaCOJ aqueous solution; 
55 eutectic mixture of potassium bicarbonate (KHCOJ aqueous solution; 55 

eutectic mixture of barium chloride (BaCy aqueous solution; 

eutectic mixture of potassium chloride (KCl) aqueous solution 

eutectic mixture of ammonium chloride (NH 4 CI) aqueous solution; 

eutectic mixture of ammonium nitrate (NH4N03} aqueous solution 
60 eutectic mixture of sodium nitrate (NaNOJ aqueous solution; 60 

eutectic mixture of calcium chloride {CaCIJ aqueous solution; 

eutectic mixture of sodium bromide (NaBr) aqueous solution; 

eutectic mixture of magnesium chloride (MgCIJ aqueous solution; 

eutectic mixture of potassium carbonate (KjCOJ aqueous solution; 
65 eutectic mixture of sodium hydroxide (NaOH) aqueous solution; and aqueous solution including 65 
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40 



45 



50 



15 



25 



30 



water (H 2 0) and small quantities of sulphuric acid (H 2 SOJ added thereto 

By using these solutions, there is provided the thermal energy storing system utilising latent 
heat which can be operated at the melting/solidification point of -3. -6 -8 -' 0 - 5 
-17, -18, -21. -28, -33. -37, 64 or 0°C. ' ' 

5 Preferred embodiments of the present invention will now be described by wav of examole c 
with reference to the accompanying drawings, in which - V example 5 

preTnTinvSrtlonf 6matiC **** * 3 e " er9V system accordi "9 to 

Rgure 2 is a partial cutaway view of a thermal energy storing tank suitable for use in a 
10 system according to the invention; 

Figure 3 is a cross-sectional view taken on line A-A of Fig 2- 

3 ^ aFt - al CUtaWaV Side Vi8W sh ° Wjng ° ne ornbodiment of draining means for a 
thermal energy storing tank in a system according to the invention; 

*2ff££ ZSfcSr slde *" showing ™ Mh * r •™ bodl ™ n ' " *"**■* *» ■ 

.s^'^irxns assart? * '• * » 

Figure 15 is a schematic block diagram showing a prior art system 

anS/^aTetS^f^HT^' ** PreS8m inVenti ° n 18 app,ied to a ^ stem in whic " » cooler 
25 discharged ^ C ° nSUmpt, ° n ^ ui P ment . where cold heat is stored and 

Jn«S* 2ZEi S l' OWS 8 who,e J of me t" 6 "" 3 ' en *rgy coring system, reference numeral 1 

sr. : a s be 5S fas: ?ss*r. 

In order to circulate a heat transfer medium between the vaporizer 3 and a thermal enerav 
storing tank 8 dunng the thermal energy storing mode, there is provided a be-^sSZ tube 
9 therebetween. A pump 10 is provided in the heat transmitting tube 9 for me mS^nerov 

35 211^ a"*"' 63 " 1 ^ ° f *" Vap ° rizer 3 " Opening and closing valves iT and if are 
35 provided in the tube 9 at the upstream and downstream sides of the tank 8. respectively Also 35 
opening and c osing valves 14 and 13 are also provided in the tube 9 at the u P s?ream and 
downstream sides of the vaporizer 3 respectively upainwm ana 

thf ra ^ hin9 poi " t! \ 15 and 16 are Prided in the tube 9 for the thermal energy storing mode at 
the upstream and downstream sides of the thermal energy storing tank 8. respecitvelv A heat 
t?thThrZ^ be - ^^T! ener9V mode extends from aTSSS Point 5 40 

^iT^JSLLS^!' ffJ' V UmP 18 fe prOVided in tha heat tra'nsmiSing 
th« th/rml. „ e upstream . of the chiller 7. A branching point 19 is provided in the tube 17 for 

branS oolm ?5 « fX""? 31 ^ " P n ream ^ ° f *• Chi " 8r 7 and betwee " * and *• 
Dranching point 15. and a branching point 20 is provided in the tube 17 at the downstream side 

of the chiller. A bypass tube 21 extends between the branching points 19 and 20 Athree-vvav 45 
Kl5^"JSfi?! ^ the H branchin 9 P*» 19 - A three-way changing action o^e ^ 45 
S™" 1 ™ 1 Val y e 22 ,s camed out under a Proportional control on the basis of a control 
a dSLten n^ Zf ?T h temperat r detected fr om the heat transfer medium passing through 
a^SZS^k^T r S ° n * 8 " PStr f Sid8 ° f Chi " er 7 or b «tween the chiller J 9 

25 a c^tto" dJ2J J5v V enC8 "Too' 24 den ° teS 9 thermal sensor ' reference ™rneral 50 
a control device and reference numeral 26 a setting device 

OH 5rfnTS5 B j2l!? n i requirements of me three-way control valve 22 are defined as follows: 
U' uunng tne thermal energy storing operation 

t neJ"^ P ° rt a: close ' ,nlBt port D: open - 0,, t |e t Port c: open 

55 C6C2During the thermal energy radiating operation 55 
021: During the first thermal energy radiating mode in which the relationship between t and 
iniot «J. f f-T and after the backup operation in which the relationship is changed into t>T 
Into port a: open. Inlet port b: close. Outlet port c: open 

60 lnS~n« rt D r n9 the l tl ? ermal ei ? er 9V radiating mode in which the relationship is changed into t<T. 

,L nl8t P0rt a: open ' lnlet port o: °P en ' Outlet port c: open «, 
Wherein: K . 

r= H < 3« ratUr8 ' A ' hiC - h o iS f tUal . ly d8tected from the heat transfer medium passing through the 
detecnon position 23 where is on the upstream side of the chiller 7- 

65 m^ 9 ^" 1 ^ 8 ^ 8 fl" iS . S8t f ° r controlli "9 a temperature of the heat transfer 

65 medium passing through the detection position 23 where is on the upstream of the chiller 65 
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7; and 

At=a difference between the temperaures f and T, an opening degree of inlet ports a and b is 
proportionally controlled in response to At. 
The control system is so designed that the pump 10 provided in the tube 9 for the thermal 
5 energy storing mode is manually or automatically actuated only during the thermal energy storing 5 
mode. The pump 18 provided in the tube 17 for the thermal energy radiating mode is manually 
or automatically actuated only during the thermal energy radiating mode. 

The thermal energy storing tank 8 which is a part of this system will be more particularly 
explained below: 

10 The tank 8 is of a horizontal stationary type and comprises a cylindrical body 27 and end 10 
caps 28 and 29 secured to right and left ends of the cylindrical body 27, respectively. 

Connecting ports 30 and 31 are formed at the centers of the end caps 28 and 29 and the 
thermal energy storing tank 8 is connected to the heat transmitting tube 9 through the connect- 
ing ports 30 and 31. Diffusing members 32 and 33 are disposed like as a partition wall within 

15 the cylindrical body 27 In the vicinity of the right and left ends of the cylindrical body 27 so that 15 
they are opposed to the connecting ports 30 and 31, respectively. A plurality of flowing 
perforations 34 are formed in the dtffusig members 32 and 33. That is, the plurality of flowing 
perforations 34 serves to communicate the interior 36 of the tank 8 with a chamber 35 which is 
partitioned off by the diffusing member 32. Preferably, the formation of the peforations 34 is 

20 achieved in such a manner that a number of the perforations is gradually increased from the 20 
center of the diffusing members 32 and 33 toward the periphery thereof so that they have a 
substantially equal number of the perforations per unit area anywhere. A large number of small 
spherical thermal energy storing members 37 is densely received in the interior 36 of the tank 8. 
The small spherical thermal energy storing members are formed of a shell 39 which is charged 

25 with a thermal energy storing medium 38. When the thermal energy storing medium changes its 25 
phase from the liquid phase into the solid phase at the solidification point, it stores the cold 
heat as a latent heat of the solidification. Then, when the thermal energy storing medium 
changes it phase from the solid phase into the liquid phase, it radiates the latent heat as a cold 
heat. 

30 Each of the small spherical members 37 has a diameter which may conveniently be within the 30 
range from 20mm to 200mm. For example, th^ diameter may be about 65mm. However, a total 
quantity of thermal energy storage/radiation is determined by requirements of the cooler and/or 
the freezer, requirements of the thermal energy storing and radiating operations and the like. 
Accordingly, the diameter should be selected so that sufficient heat transmitting area can be 

35 obtained from the small spherical members to satisfy the demanded quantity of thermal energy 35 
.storage/radiation. On the other hand, the larger the number of the small spherical members 37 
received in the tank 8 having a given volume is (that is, the smaller a diameter of the small 
spherical members 27), the higher the cost for producing the small spherical members is. 
Therefore, when the small spherical thermal energy storing members are produced, it is prefer- 

40 able to take the production requirements into account in addition to the requirements as men- 40 
tioned above. 

As a material for forming the spherical shell 39, there are various materials such as metals, 
synthetic resins and the like. However, the material of the shell 39 should be selected in due 
consideration of: durability by which the shell can maintain its spherical shape against an external 

45 foce and an internal force; thermal resistance; workability; et cetera. In the present invention, a 45 
size of the shell 39 is decided so that when the thermal energy storing medium 38 has the 
liquid phase, a space 40 which is occupied by the thermal energy storing medium 38 is formed 
within the shell 39. At the same time, a size of the space 40 is determined so that an 
expanded volume of the thermal energy storing medium during the solidification can be absorbed 

50 by the space 40 and an expansion of the shell 39 per se. The expansion of the shell 39 is 50 
caused by the expansion pressure resulting from the solidification of the thermal energy storing 
medium 38. When the thermal enery storing medium 38 changes its phase from the solid phase 
into the liquid phase, the shell 39 is subjected to contraction, but there remains the predeter- . 
mined volume of the space 40 within the shell 39. For example, if the thermal energy storing 

55 medium 38 is solidified so that its volume is increased by 1 .08 times in comparison with the 55 
liquid volume (8% increment), the size of the space 40 may be determined so that it absorbs 
the 5.5% part of the 8% increment, the remaining (the 2.5% part) being absorbed by the 
expansion of the shell 39. In other words, when the spherical shell 39 which is made by using a 
blow molding process or a vacuum forming process is charged with the thermal energy storing 

60 medium (of course, liquid phase) by means of an injection or the like, there remains a space 60 
having a volume corresponding to the 5.5% part, that is, the space 40 is formed within the shell 
39. 

The spherical shell 39 per se is hard, but it is thin. Therefore, the shell 39 is expansible so 
that it can be expanded by the internal pressure which is caused at the time when the thermal 
65 energy storing medium is solidified. Also, when the thermal energy storing medium changes its 65 
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50 



60 



10 



15 



phase from the solid phase into the liquid phase, it is returned back to the original condition 
K e ?QQ m !'" ,n9 * e I P redetermlned _ space within the shell. As a material for forming the spherical 
shel 39 rt is possible to select from the various materials such as metals, synthetic resins or 
p ^JLl r^T' '"^f^ the shell 39 «n be easily expanded, a material which is rich in 
5 expansibilrty and contactibilrty should be selected. In addition to these characteristics, when other 
charactenstics such as durability, thermal resistance and workability are. taken into consideration, 
polypropylene and high-density polyethylene, especially among various materials, are suitable for 
tiie sphencal shell 39 On the otf»er hand, with respect to the expansion of the shell 39, matters 
on a design of the shell should be also taken into consideration. Since the shell is expanded by 
10 Je jntemal pressure which is caused by the cubical expansion resulting from the solidification of 
the dermal energy storing medium 38. it is necessary to adjust a degree of expansion on the 
shell so that it cannot be broken. To this end. a size of the space 40 is determined in due 
consideration of a quantity of the cubical expansion of the thermal energy storing medium used 
ir . ~T rt J s u n . ec f sanr to carry out the expansion and the contraction of the shell within an 
15 elastic limit which is determined by a material, a radius and a thickness of the shell. Atema- 
T*r ,t ' s n necess ?'y *» f x Pand the shall within a limit which is determined by a tensile strength 
of the shell matenal and in which saftey factor is considered. In short, in order that the shell can 
be safely and surely expanded and contracted, various physical cares should be taken 
The thermal energy storing tank 8 in which a large number of the small spherical thermal 
to energy stonng member 37 as discussed above has draining means 41 provided at its bottom 20 
The draining means 41 is so constructed that the small spherical thermal energy storing member 
37 is prevented from passing out therethrough, but the heat transfer medium existing in the 
spaces among the small spherical members 37 is allowed to pass therethrough. To this end the 
draining means 41 1 includes one or more draining openings 44, a draining tube 45, a open- ' 
25 ing/closing valve 46 for commonly closing the draining tube 45, and a thermal insulation material 25 
47 for covenng the draining tube 45 and the opening/closing valve 46. Some types of the 
draining means are illustrated in the drawings. As shown in Figs. 4 and 5. in one type the 
draining opening comprises a single circular hole 44 which is opened in the cylindrical body 27 
and which has a smaller diameter than the diameter d of the small spherical thermal energy 
30 stonng members 37, but one or more cross members 48 horizontally traverse the circular hole 30 
so as to prevent the small spherical member 37 from being seated in and closing the circular 
ho e. As shown in Fig. 6. in another type, the draining openings comprise a plurality of circular 
holes 44 which are opened in the cylindrical body 27 and which Rave a smaller diameter than 
the diameter d of the small spherical members 37. In order that each of the small spherical 
35 members 37 forming a mass within the tank is prevented from being seated in and closing the 35 
smaller circular hole, a pitch P between the adjacent smaller holes is shorter than the diameter d 
of the small sphencal members 37. As shown in Fig. 7, in yet another type, the draining 
opening comprises a single elongate aperture 44 which is opened in the cylindrical body 27 and 
a width of which is smaller than the diameter d of the small spherical members 37. As shown 
w in hg 8, in yet another type, the draining openings comprise elongate apertures 44 which are 40 
opened in the cylindncal body 27 and which have a smaller width than the diamerter d of the 
small sphencal member 37. Furthermore, the draining openings may comprise small rectagular 
holes (not shown) disposed as like a lattice, which are opened in the cylindrical body 27 and 
each of which has the smaller sides than the diameter d of the small spherical member 37 The 
thermal energy storing tank 8 including the draining means as mentioned above is so designed 45 
that a ratio of the diameter D to the length L (distance between the end caps 28 and 29) is 
within the range 1 : 3~6. 

When the tank is actually produced, for example, one of the following combinations of the 
diameter D and the (ength L may be selected: 



50 



D= 950mm and L= 3000mm 
D= 1250mm and L= 4200mm 
D= 1600mm and L= 5300mm 
D= 1800mm and L= 6000mm . 
55 D= 1900mm and L= 7100mm -c 
D=2100mm and *.= 9100mm 
D=2500mm and Z = 10780mm 
D=3000mm and L= 1 1200mm 
0= 3000mm and L= 14800mm 



60 



The lower a flow velocity of the heat transfer medium passing through the tank is (that is the 
longer a resident time within the tank), the higher a thermal efficiency of the heat exchange 
within the tank is. On the other hand, the lower the flow velocity of the heat transfer medium is. 
the lower a thermal conductivity is. Therefore, it is necessary to determine an optimum flow 
velocity of the heat transfer so that both the relationships as mentioned above can be suffici- 65 
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entfy satisfied. According to many experiments of the present inventors, it has been found that 
the flow rate of at least 2.5 m 3 /h has best to be obtained as a flow velocity of the heat transfer 
medium. In order to obtain the flow rate of at least 2.5m 3 /h, it is necessary to take into account 
a velocity head of the heat transfer medium deriving from the pump and a pressure loss of the 
5 heat transfer medium passing through the tank because the flow rate of the heat transfer 5 
medium is governed by these factors. The pressure loss is increased in proportion to the length 
L of the tank and is decreased in inverse proportion to the diameter D of the tank. Therefore, if 
the velocity head of the heat transfer medium is constant, it is possible to determine the flow 
rate (2.5m 3 /h) of the heat transfer medium by suitably selecting a ratio of the diameter D to L 

10 In short, according to the present invention, the optimum flow rate of the heat transfer can be 10 
obtained by selecting a suitable ratio of the diameter D to the length L from the range 1 : 3~6. 
The reason why the range. 1 : 3—6 is given is that the pressure loss of the heat transfer 
medium passing through the tank is also affected by a difference of a fluid friction resulting from 
a difference of a number of the small spherical thermal energy storing members. 

15 Referring to Rg. 9 to 14, operation modes of the thermal energy storing system utilizing latent 15 
heat which is constructed as mentioned above will be explained below: 

Fig. 9 shows the thermal energy storing mode. This operation mode is commonly carried out 
during nighttime when the power rate is cheap. When the thermal energy storing mode is 
commenced, the thermal energy generator or the cold heat generator 1 is driven by a control 

20 system (not shown) so that a refrigerant carrier vapor is generated in the vaporizer 3. The 20 
refrigerant carrier vapor is compressed in the compressor 4 so that it is changed into a 
superheated high pressure vapor. The superheated high pressure vapor is then cooled by a 
cooling water in the condenser 3 so that it is changed into a high pressure liquid. The pressure 
of this liquid is reduced by the expansion valve 6 so that it is changed a carrier having a low 

25 temperature and a low pressure refrigerant. This refrigerant carrier is then vaporized in the 25 
vaporizer 3 so that the heat transfer medium having the low solidification point is cooled by the 
vaporization heat of the refrigerant carrier. On the other hand, the pump 10 is driven and the 
three-way control valve 22 is so changed that the inlet port a is closed, the inlet port b is 
closed and the outlet poit^c is opened. Therefore, the heat transfer medium cooled by the 

30 vaporizer 3 is circulated by the pump 10 between vaporizer 3 and the thermal energy storing 30 
tank 8, as shown by an arrow 49 in Fig. 9. When the heat transfer medium is passed through 
the tank 8, it is contacted with the plurality of small spherical thermal energy storing members 
37 received therein so that the thermal energy storing medium 38 charged in the small spherical 
members 37 is solidified at its solidification point. During the solidification of the thermal energy 

35 storing medium 38, the cold heat is stored as a latent heat of the solidification in the thermal 35 
energy storing medium 38 charaged in the small spherical members 37. 

Fig. 10 shows the first thermal energy radiating mode wherein the relationship between t and 
Tis t— T. Commonly, the first thermal energy radiating mode is carried out when the demanded 
load is large. In this mode, the thermal energy generator side 1 and the pump 10 are stopped. 

40 The pump 18 is driven and the three-way control valve 22 is so changed that the inlet port a is 40 
opened, the inlet port b is closed and the outlet port c is opened. Therefore, the heat transfer 
medium is circulated by the pump 18 between the thermal energy storing tank 8 and the chiller 
7, as shown by an arrow 50 in Fig. 10. When the heat transfer medium passing through the 
chiller 7 is fed to the tank 8 so that it is contacted with the small spherical members 37, the 

45 heat of the heat transfer medium is transmitted to the small spherical members 37. The thermal 45 
energy storing medium charged in the small spherical members 37 is melted at its melting point 
so that the cold heat which is pre-stored in the thermal energy storing medium is radiated to the 
heat transfer medium as a latent heat of the melting. Accordingly, the heat transfer medium is 
cooled to bear the chilling and/or freezing loads. 

50 Rg. 1 1 shows the second thermal energy radiating mode at the time when the relationship 50 
between t and T is changed from P=T into t<T in the first thermal energy radiating mode of 
Rg. 10. In this mode* the three-way control valve 22 is so changed that the inlet port a is at 
least partly closed, the inlet port b is opened and the outlet port c is opened. Therefore, a part 
of the heat transfer medium discharged from the chiller 7 is passed through the bypass tube 21 

55 as shown by an arrow 51 in Fig. 11. The heat transfer medium passing through the bypass tube 55 
21 is joined at the position of the three-way control valve 22 with the heat transfer medium 
dischraged from the thermal energy storing tank 8. The joined heat transfer medium is again fed 
to the chiller 7. In this case, a flow rate of the heat transfer medium passing through the bypass 
tube 21 is increased in proportion to the difference At. In other words, a flow rate of the heat 

60 transfer medium passing through the tank 8 is decreased in propotion to the difference At. 60 
Therefore, a quantity of the energy radiation is reduced so that the temperature of the heat 
transfer medium at the detecting position 23 is controlled and regulated into the temperature T. 
Rg. 12 shows the backup operation mode or the third thermal energy radiating mode which is 
/ carried out, if necessary. In particular, when the difference At comes up to zero in the second 

65 thermal energy radiating mode, the three-way control valve 22 is exchanged in the same manner 65 
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as in the first thermal energy radiating mode so that the inlet port a is opened the inlet oort b 
is closed and the outlet port c is opened. As the result, the bypass tubeTl is closed so til 
the temperature of the heat transfer medium passing through tto detectina L£hE 1« ^ * 
If tine relationship between tend 7is change! Pinto %> 1 ^Z^eTZ^l^osllT 

t % i et T 9d 80 5f ma pump 10 and me «** heat generator side operated As 5 
tiie result, the heat transfer medium discharged from the chiller 7 is fed not onto to the tenk I 
but also to the vaporizer 3 by means of the pump 10. as shown by an aJow 52 The heat 

r^TareTofne^S IT P ^f. 3 8 " d *■ hMt ^ «^ 
10 tile chiller 7 j ° h,n9 P 0 '"* 15 80 j^ned heat transfer medium is fed to 

In short, when the temperature of the heat transfer medium fed to the chiller 7 is hotter than 1 ° 
* e * e JT e ?TJ- *" , backup COO,in9 fe cmted out b y *e vaporteier 3 so S tte temper^ 

Z«&?££^Tr** throU9h *• detectin9 23 is «^H5T 

15 b^SJrfrtnTT? 16 fou ^ th ermal e " er 9y "ditating mode at the time when the relationship 15 
between t and 7 is changed into t< T after the backup operation mode In this mode thTriL-. 
way control valve 22 is so changed that the inlet porta is et leas? party ^closed tit'inTet ooTb 
is opened and the outlet port c is opened. Therefore, a part of the heat transfer medium 

20 tSTff ?Th? e , f'S 7 18 ?~ d thrOU9h 108 ^ *. 38 by a„ 53 

20 in Fig 13 The heat transfer med.um passing through the bypass tube 21 is joined at the ?n 

fh^™ th / ee " Way ?T°l Va[ve 22 Witn me heat tra " 8fer medium dfsSged fro^ the 
? e Ti T rg I St0nn9 t3nk 8 " The joined neat tra « far medium * again fed to the chto 7 
mESS^S*^-* tH \ heat tranSfer medium *™*h the ducting position 

25 SlCiSS. ira0 ^ temPeratUre 7 " tHe SamB — 38 " *• second 
Fig. 14 shows the operation mode at the time when, in the fourth thermal enerqv radiatina 
mode, as the flow rate of the heat transfer medium passing through the bypass Sbe 2 fe 

d££3 t B lT»T ° f thB , heat transfer medium fed » *• Primary sid?o^ me pumplo is 
decreased so that it becomes less than the output capacity of the pump 10 In this case a nit 

tank 8 through the branching point 15 and is then returned back to the vaporizer 3 throuoh th« 

. P ng m mo 1 de. " ^ *" *** 0pe ^° n moda ls tha ^^iSSX£ 

oc .* e * ermal « ne _ rgy storin 9 and radiating modes as mentioned above, when the heat transfer 

EES m H ,S n Dassad ^ugh 1,16 dermal energy storing tank 8. some advantages or menS *e 35 
£ffiJ£ * advanta 9es or merits is that the heat transfer medium% SS °ng Sugh the 

SmberT 3 7 SETS ST! """J" maSS ° f the sma " sph eri c al thermal energy Coring 
members 37. When the heat trasfer medium is fed to the tank 8. it is introduced from the 
connection port 30 or 31 into the partitioned chamber 35. Then/the heat uVnsfer medium is 
40 passed through the flowing perforations 34 of the diffusing member 32 or 33 so th« n iT AO 

sssSteSSsi"? spread , out within the intenor ° f *• » ttnk 8 in ^ p ,ana s« * 

i^S3fmtLS?nTT° i reC T thereof - Accordin 9ly. the heat transfer medium passing 
through the tank 8 can be uniformly contacted with the mass of the small spherical thermal 
energy stonng members 37 so that the uniform heat conduction is adEadS eS, Z Sons 

£5? , maSS ° f thB Sma " Sph8rical thermal enef 9V coring members 37. For thto^ason Tti°e 45 
tiiermal energy stonng system utilizing latent heat according to the present invention a'steble 
heat conductivity and a reliability can be obtained. P mvenuon, a stable 

Another of the advantages or merits is that the convections resulting from external rotational 

50 EZLTS ? K rCe ° f ? ravit y are not caused ln *• heat transfer medium ^SjTLTSk? 
50 because of the horizontal stationary type. The main convection which is caused wrthin the tank 50 

UL K Stream WhiC " m ° VeS fr ° m one of *• diffusi "9 members 32 and SsTo^b 
SSo^f ?h 9 member a ° ^ a 'generally uniform heat conduction is attained in each of 
t^m". ^JfJ" 3 ^. of the small spherical thermal energy storing members 37. In short the 
thermal conductivrty is uniform in each of said sections. Accordingly, in the thermal enerav 
2ff JBE ^ 'l tent hf« according to the present inventfon. a IlSta! "onductivity 55 
and a reliability can be obtained. Yet another of advantages or merits is that a ratio nf thi 
diameter D of the tank to the length L thereof is determined wE the ra Jge 1 Jorthis 
5 SShTSSS t l ° ^ PreS6n i inventi ° n ' rt 18 possible to obtei " the flowmte of aUeast 
60 S fi So^S p^-e r-WaX^tMSr 60 

On the other hand, since the draining opening or openings 44 are formed in the lower nortion 

65 SJ5«£ " .T b °, dy 27 t3nk 8 ' me draina 9« « the tank can to eaJSy ^rried ou? 

65 Commonly, the tank ,s provided with manholes 55 and 56 through which the smliTspherfcal 65 
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members are charged and discharged. If the drainage of the tank is carried out by opening the 
manhole 56, many of the small spherical members escape from the tank through the opened 
manhole 56 thereby causing a serious trouble. However, according to the present invention, 
there are provided the draining opening or openings 44 which are protected from being closed 
5 by the small spherical members and which prevent the small spherical members from passing 5 
out therethrough. Accordingly, the drainage can be safely carried out. 

In the above-mentioned embodiment of the thermal energy storing system utilizing latent heat 
according to the present invention, there is shown an example in which the present invention is 
applied to a cooler and/or freezer wherein cold heat is transmitted to the heat exchanger 7 
10 provided at the energy consumption equipment 2. However, it should be understood that an 10 
application of the present invention is not limited only to this example. That is, the present 
invention may be applied to other equipment utilizing cold heat. Furthermore, the invention can 
be applied to a thermal energy storing system utilizing latent heat wherein a solar equipment or 
a hot heat source for heating is used in place of the energy generation equipment, wherein the 
15 hot heat is transmitted to the heat exchanger provided at the energy consumption equipment, 15 
and wherein during the thermal energy storing mode, the hot heat is stored in the thermal 
energy storing tank and during the thermal energy radiating mode, the hot heat is radiated to 
feed it to the heat exchanvger provided at the energy consumption equipment In this applica- 
tion, the exchanging requirements of the three-way control valve 22 are determined as follow: 
20 ©During the thermal energy storing operation mode, the three-way control valve is so changed 20 
that the inlet port a is closed, the inlet port b is opened and the outlet port c is opened; 
©During the first thermal energy raditaing mode wherein the relationship between t and T is 
t=T and the backup operation mode wherein the relationship between tand Tis changed 
into r<T, the three-way control valve is so changed that the inlet port a is opened, the inlet 
25 port b is closed and the outlet port c is opened; and 25 
©During the thermal energy raditaing mode wherein the relationship between r and T is 
changed into f>T, the three-way control valve is so changed that the inlet port a is opened, 
the inlet port b is opened and the outlet port c is opened. 
In this way, the thermal energy storing and radiating modes as shown in Fig. 9 to 14 can be 
30 carried out in the same manner as in the case where the cold heat is the subject of utilization 30 
except that the relationship between t and T is changed into f> T in the operation modes of Rg. 
11 and 13 and that the relationship between r and Tis changed into r<7 in the operation mode 
of Rg. 12. 

Of course, in the case where the hot heat is the subject of utilization, when the thermal 
35 energy storing medium 38 charged in the small spherical thermal energy storing members 37 is 35 
melted at the melting/solidification point, it stores the hot heat, whereas when the thermal 
energy storing medium 38 is solidified at the melting/solidification point, it radiates the hot heat. 

The thermal energy storing medium which is charged in the small spherical thermal energy 
storing members used in the thermal energy storing system utilizing latent heat according to the 
40 present invention will be particularly explained. 40 
As stated hereinbefore, various researches and developments on thermal energy storing me- 
diums have been promoted. In this case, the following matters have been taken into account: 

0 1 Whether materials for a thermal energy storing medium are easily available and cheap; 

02 Whether an obtained thermal energy storing medium is chemically stable; 

45 03 Whether a melting point is obtained within a desired range of operation temperatures; 45 
O* Whether an obtained thermal energy storing medium has a heat of melting per unit volume 
which is sufficient; 

O Whether an obtained thermal energy storing medium surely and stably serves although it is 
subjected to many times of repetition of the melting and the solidification; et cetera. 

50 In this connection, the prior researches and developments realize some results on thermal energy 50 
storing mediums. Some of the thermal energy storing mediums obtained from the prior re- 
searches and developments can be used in the thermal energy storing system utilizing latent 
heat according to the present invention. However, as stated hereinbefore, since the prior devel- 
opments on thermal energy storing plants has been promoted in connection with the solar 

55 system and the like, the thermal energy storing mediums which can be put to practical use have 55 
a melting/solidification point which is above +5°C. Accordingly, it is impossible to use these 
thermal energy storing mediums in the thermal energy storing system utilizing latent heat which 
is applied to a cooler and/or a freezer. Therefore, the thermal energy storing mediums which 
have a melting/solidification point below 0°C and which are suitable for the thermal energy 

60 storing system utilizing latent heat having an operation temperature below 0°C will be explained 60 
hereinafter. 

One of the thermal energy, storing mediums is a liquid which is mainly composed of an 
aqueous solution including water (H 2 0) and small quantities of sulphuric acid (HjSOJ added 
thereto. This thermal energy storing medium has the latent heat of 48.4kwh/m 3 (1.74X10 8 J/m 3 ) 
65 and is suitable for the thermal energy storing system utilizing latent heat having the operation 65 
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teperature of about 0°C. 

Another of the thermal energy storing mediums is a liquid which is mainly composed of an 
eutectic mixture of an aqueous salt solution. In particular, the aqueous salt solution has the 
lowest solidification point at a certain concentration. The aqueous salt solution having such a 
5 concentration fcutectic concentration) is used for the thermal energy storing medium. The eutec- 5 
tic mixture or the aqueous solution having the eutectic concentration is solidified as if it is a 
single substance. Accordingly, the eutectic mixture surely and stably serves as the thermal 
energy stonng medium although it is subjected to many times of repetition of the melting and 
* e solidification. When the eutectic mixture or the thermal energy storing medium is solidified, it 
Sow- 38 3 ° f solidification - Prefe n-ed examples of eutectic mixtures are shown 10 

1) When the thermal energy storing system is given the operation temperature of -3°C the 
eutectic mixture of Na 3 C0 3 (sodium carbonate) aqueous solution is used, wherein the eutectic 

i K ^?™?? 'f. 371% * the eutectic poirrt is ~ 3 ° C and the latent heat is 48.3kwh/m 3 
lo (1.74X10 8 J/m 3 ). 

2) When the thermal energy storing system is given the operation temperature of -6°C the 
eutectic mixture of KHC0 3 (potassium bicarbonate) aqueous solution is used, wherein 'the 
eutectic ^concentration is 14.2%. the eutectic point is -6"C and the latent heat is 
44.6kwh/m 3 ( 1 .6 1 X 1 0»J/m 3 .) 

20 3) When the thermal energy storing system is given the operation temperature of -8°C the 20 
eutectic mixture of Bad, (barium chloride) aqueous solution is used, wherein the eutectic 
point is -8°C at this eutectic concentration and the latent heat is 50.5kwh/m 3 
(1.82X10*J/m*). 

4) When the thermal energy storing system is given the operation temperature of -10°C the 

^5 eutectic mixture of KCI (potassium chloride) aqueous solution is used, wherein the eutectic 25 

fl^XlSj/m? 19 ' 7% ' th ° eUteCti ° P ° int iS " 10OC and me btent heat is 49 - 9kwh /m3 

5) When the thermal energy storing system is given the operation temperature of -15°C the 
eutectic mixture of NH 4 CI (ammonium chloride) aqueous solution is used, wherein the e'utec- 

OeSiSC 18 18 ' 9%# eUteCtiC P ° int iS ~ 15 ° C tHe latent heat is 46.4kwh/m* 30 

6) When the thermal energy storing system is given the operation temperature of -17°C the 
eutectic mixture of NH 4 N0 3 (ammonium nitrate) aqueous solution is used, wherein the eutec- 
tic concentration is 42.0% and the eutectic point is — 17°C. 

35 7) When the thermal energy storing system is given the operation temperature of -18°C the 35 

eutectic mixture of NaN0 3 (sodium nitate) aqueous solution is used, wherein the eutectic 

™ n ™ t ™*° 1 } 'l 38 5% - the eutectic point is -18X and the latent heat is 47.5kwh/nr> 
(i./l X iCrJ/m 3 ). 

8) When the thermal energy storing system is given the operation temperature of -21°C the 

40 eutectic mixture of NaCI (sodium chloride) aqueous solution is used, wherein the eutectic 40 

?,To e ™?? « 23 0% ' th * eutectic point is ~ ZVC and *e ,atent heat is 39.4kwh/m> 
(1.42X 10 8 J/m 3 ). 

9) When the thermal energy storing system is given the operation temperature of -28°C the 
eutectic mixture of NaBr (sodium bromide) aqueous solution is used, wherein the eutectic 

45 concentration is 40.1%. the eutectic point is -28°C and the latent heat is 39.3kwh/m3 45 
|1.41X10'J/m ! ). 

10) When the thermal energy storing system is given the operation temperature of -33°C the 
eutectic mixture of MgCI 3 (magnesium chloride) aqueous solution is used, wherein the eutec- 

50 ttSiXWjIS! ,S 2 °' 6% ' eUteCtiC P ° int ' S ~ 33 ° C ^ th8 ' atent h6at iS 44Gkwh f m3 

1 1) When the thermal energy storing system is given the operation temperature of -37°C the 
eutectic mixture of K 2 C0 3 (potassium carbonate) solution is used, wherein the eutectic ' 

f?^ 6 ™?? ,S . 44 8% ' the eutectic point is _37 ° C and m e latent heat is 40.0kwh/m* 
( I.44X ICrJ/nr). . 

55 Of course, in order to prevent supercooling, if necessary, small quantities of a nucleator mav 55 
be added to the thermal energy storing medium which is mainly composed of one of the 
eutectic mixtures as mentioned above. Preferred substances for the nucleator are shown below 
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magnesium oxide (MgO) 
magnesium carbonate (MgCCy 
magnesium chloride {MgCy 
calcium oxide (CaO) 
calsium carbonate (CaCCy 
copper sulphate (CuSOJ 
zinc sulphate {ZnSOJ 
strontium carbonate (SrCOJ 
barium oxide (BaO) 
sodium sulphate {Na^OJ 
sodium silicate (Na^iOJ 
potassium nitrate (KNO3) 



magnesium hydroxide (Mg(0H)J 
magnesium sulphate (MgSOJ 
magnesium bromide (MgBrJ 
calcium hydroxide (Ca(0Hy 
calsium sulphate (CaSOJ 
nickel sulphate (NiSOJ 
strontium hydroxide (SrfOHy 
barium hydroxide (Ba(OH)J 
barium carbonate (BaCOJ 
sodium tetraborate (Na^O?) 
potassium hydroxide (KOH) 
nickel chloride (NiCIJ 



The thermal energy storing system which is suitable for a cooler and/or freezer will be more 
particularly explained hereinafter. In the thermal energy storing system, when there is used a 
thermal energy storing medium which is mainly composed of an aqueous solution including H 2 0 
and small quantities of HjSC^ added thereto, the system is suitable for cooling buildings and 
regional air-conditioning. 

20 In the thermal energy storing system, when there is used a thermal energy storing medium 
which is mainly composed of one of the eutectic mixtures of Na 2 S0 4 aqueous solution, KHC0 3 
aqueous solution, BaCI 2 aqueous solution and KQ aqueous solution, the system is suitable for a 
cold heat source which is used in a storage or a reaction process involved in beer production 
factories, beverage production factories or the like. Also, this system is suitable for a cold heat 

25 source which is used in a low temperature reactor involved in a dairy plant. Furthermore, the 
system is suitable for a cold heat source which is used in a freezer involved in a display case 
for goods, products or the like. In addition, the system is suitable for a cold heat source which 
is used in a storage involved in a distribution industry of frozen foods, fruits, flowers or the like. 
In the thermal energy storing system, when there is used a thermal energy storing medium 

30 which is mainly composed of one of the eutectic mixtures of NH 4 CI aqueous solution, NaN0 3 
aqueous solution and NH 4 N0 3 aqueous solution, the system is suitable for a cold heat source 
which is used in a meat storage involved in a slaughterhouse, a meat distribution center or the 
like. Also, this system is suitable for a cold heat source which is used in a rink for ice skating. 
Furthermore, the system is suitable for a cold heat source which is used in a storage of 

35 medicine or blood involved in a medicine industry. In the thermal energy storing system, when 
there is used a thermal energy storing medium which , is mainly composed of one of the eutectic 
mixtures of NaCI aqueous solution, NaBr aqueous solution, MgCI 2 aqueous solution and K 2 C0 3 
aqueous solution, this system is suitable for a cold heat source which is used in a refrigerated 
warehouse. 

40 On the other hand, the thermal energy storing system utilizing latent heat according to the 
present invention can be so constructed that hot heat is the subject of utilization. For this 
purpose, it is possible to use the thermal energy storing mediums which have been already 
proposed, for example, CaCI 2 . 6H 2 0 solution (operation temperature, that is, melting/solidifica- 
tion point=27°C), MgCI 2 . 6H 2 0+Mg(N03) 2 . 6H 2 0 (operation temperature =57°C), MgfNOJj . 

45 6H 2 0 (operation temperature=87°C) or the like. However, when the thermal energy storing 

system is used as a hot heat source for a heating of buildings, a hot-water supply, a hot-well, a 
region air-conditioning or the like, it is impossible to suitably use the thermal energy storing 
medium which is mainly composed of NaOH (sodium hydroxide) aqueous solution. 
This thermal energy storing medium, to which one of the abovementioned nucleators may be 

50 added,, has the eutectic concentration of 60%, the operation temperature of 64°C and the latent 
heat of 60kwh/m 3 (2.45X10 B J/m 3 ). 

As discussed hereinbefore, according to the present invention, it is possible to attain the 
thermal energy storing system utilizing latent heat wherein a real temperature of the heat transfer 
medium is detected as a control signal when it enters into the heat exchanger provided at the 

55 energy consumption side and then a flow rate of the heat transfer medium passed through the 
thermal energy storing tank is regulated in response to the control signal, whereby a temperature 
of the heat transfer medium supplied to the heat exchanger of the energy consumption side is, 
at all times, in accordance with predetermined energy consumption requirements of the energy 
consumption side. 

60 Also, according to the present invention, it is possible to attain the thermal energy storing 
system utilizing latent heat wherein the thermal energy storing tank having a given volume can 
be given a maximum thermal energy storage capacity, wherein thermal conductivity per unit 
volume is so good as to be capable of shortening the thermal energy storage/radiation time as 
much as possible, wherein portions of the tank which may be subjected to corrosion are few so 

65 that a durability thereof can be increased, and wherein the design of the tank need not be 
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limited by thermal energy storing members. Furthermore, according to the present invention, it is 
possible to attain the thermal energy storing system utilzing latent heat wherein there is provided 
means for uniformly diffusing and spreading out the heat transfer medium within the thermal 
energy storing tank in a plane perpendicular to a direction along which it enters into the tank, 
5 especially just after the entrance, so that the heat transfer medium is uniformly contacted with 5 
the small spherical thermal energy storing members. Furthermore, according to the present 
invention, it is possible to attain the thermal energy storing system utilizing latent heat wherein 
the thermal energy storing tank per se is of a horizontal stationary type so as to eliminate 
effects resulting from external forces and the force of gravity, by which unforeseen convections 
10 are caused in the heat transfer medium, whereby a uniform convection is caused in each of 10 
sections of the mass of small spherical thermal energy storing members so that a uniform heat 
conduction can be obtained in each of said sections. Furthermore, according to the present 
invention, it is possible to attain the thermal energy storing system utilzing latent heat wherein 
there is provided the thermal energy storing tank which assures a velocity of a heat transfer 

15 medium (residence time thereof within the tank) for obtaining a good thermal efficiency of heat 15 
exchange by determining a ratio of a diameter of the tank to a length thereof within the range 1 
: 3-6, which governs a pressure loss of the heat transfer medium passing through the tank. 

In addition, according to the present invention, it is possible to attain the thermal energy 
storing system utilizing latent heat wherein there is provided the thermal energy storing tank 

20 which is designed so that a drainage of the tank in which the small spherical thermal energy 20 
storing members are densely received and settled can be easily carried out, if necessary, without 
felling the small spherical members downwardly, and that is convenient to handle in situ. 

On the other hand, according to the present invention, it is also to attain the thermal energy 
storing system utilizing latent heat wherein a thermal energy storing medium having a melting/- 

25 solidification point of -3, -6, -8 or -10°C is charged in the small spherical thermal energy 25 
stonng members. This system is suitable for a cold heat source which is used in a storage 
and/or a reaction process involved in beer production factories, beverage production factories or 
the like. Also, the system is suitable for a cold heat source which is used in a low temperature 
reactor included in a dairy plant. Furthermore, the system is suitable for a cold heat source 

30 which is used in a freezer involved in a display case for goods, products or the like. In addition, 30 
the system is suitable for a cold heat source which is used in a storage involved in a distribution 
industry of frozen foods, fruits, flowers or the like. 

Also, according to the present invention, it is possible to attain the thermal energy storing 
system utilizing latent heat wherein a thermal energy storing medium having a melting/solidifica- 

35 tion point of -15, -17, -18 or -2 1°C is charged in the small spherical thermal energy storing 35 
members, and wherein the charged small spherical members are received in the thermal energy 
storing tank. This system is suitable for a cold heat source which is used in a meat storage 
involved in a slaughterhouse, a meat distribution center or the like. Also, the system is suitable 
for a cold heat source which is used in a rink for ice skating. Furthermore, the system is suitable 

40 for a cold heat source which is used in a storage of medicine or blood involved in a medicine 40 
industry. According to the present invention, it is possible to attain the thermal energy storing 
system utilizing latent heat wherein a thermal energy storing medium having a melting/solidifflca- 
tion point of 0°C is charged in the small spherical thermal energy storing members, and wherein 
the charged small spherical members are received in the thermal energy storing tank. This 

45 system is suitable for a cold heat source which is used in a cooler of buildings. 45 
Furthermore, according to the present invention, it is possible to attain the thermal energy 
stonng system utilizing latent heat wherein a thermal energy storing medium having a melting/- 
sohdification point of -28, -33 or -37°C is charged in the small spherical thermal energy 
storing members, and wherein the charged small spherical members are received in the thermal 

50 energy stonng tank. This system is sutable for a cold heat source which is used in a freezinq 50 
warehouse. 

Finally, according to the present invention, it is also possible to attain the thermal energy 
stonng system utilizing latent heat wherein there is used a thermal energy storing medium having 
■ a melting/solidification point of 64°C. This system is suitable for a heating of buildings a hot- 
55 water supply, a hot-well or the like. 55 

CLAIMS 

1. A thermal energy storage and discharge system utilizing latent heat and comprising a 
conduit array arranged to pass heat transfer medium between a first heat exchanger arranged to 
60 receive thermal energy into said system and a thermal energy storage tank arranged to store 60 
thermal energy received into said system and between said tank and a second heat exchanger 
arranged to discharge thermal energy from said system, 

said tank being charged with spheroidal thermal energy'storing members each charged with a 
thermal energy storing medium, said conduit array comprising a first conduit element arranged to 
65 pass heat transfer medium under the action of pump means from said first heat exchanger to 65 
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said tank and to return heat transfer medium from said tank to said first heat exchanger, a 
second conduit element arranged to pass heat transfer medium under the action of pump means 
from said second heat exchanger to said tank and to return heat transfer medium from said tank 
to said second heat exchanger, and a bypass conduit element branching out from said second 
5 conduit element at a first junction upstream of said second heat exchanger and rejoining said 5 
second conduit element at a second junction downstream of said second heat exchanger, 
said system further comprising a temperature sensing means arranged to monitor the tempera- 
ture of said heat transfer medium passing from said first junction to said second heat exchanger 
and to generate a signal, control valve means arranged to adjust the flow rate of said heat 

10 transfer medium through said second conduit element and said bypass conduit element and 10 
control means arranged to operate said control valve means in response to said signal to 
increase or decrease the flow rate of said heat transfer medium through said bypass conduit 
element and said tank when the temperaure of said medium monitored by said sensing means 
deviates from a preset value whereby to reduce the deviation from said preset value. 

15 2. A system as claimed in claim 1 wherein said control valve means comprises a three-way 15 
control valve at said first junction. 

3. A system as claimed in either of claims 1 and 2 wherein said second conduit element 
joins said first conduit element upstream of and downstream of said first heat exchanger. 

4. A system as claimed in any one of claims 1 to 3 wherein said pump means serving to 

20 pass heat transfer medium through said first heat exchanger is arranged to pump said heat 20 
transfer medium through said tank in the opposite direction to that in which said pump means 
serving to pass heat transfer medium through said second heat exchange is arranged to pass 
said heat transfer medium through said tank. 

5. A system as claimed in any one of claims 1 to 4 wherein said tank comprises a hollow 

25 closed ended cylindrical body member having a substantially horizontal cylindrical axis, having 25 
inlet and outlet ports for heat transfer medium passing through said conduit array at the 
opposite ends of said body member, and having flow diffusing members within said body 
member in facing relation with said ports. 

6. A system as claimed in claim 5 wherein said diffusing members comprise circular multiply 

30 perforated plate members. 30 

7. A system as claimed in either of claims 5 and 6 wherein the ratio of the diameter to the 
length of said cylindrical body member is from 1:3 to 1:6. 

8. A system as claimed in any one of claims 5 to 7 wherein said cylindrical body member is 
provided on its underside with at least one drainage port whereby to permit the drainage from 

35 said body member of heat transfer medium contained therein, the opening to said drainage port 35 
being so dimensioned as to prevent said spheroidal thermal energy storing members from being 
drawn out therethrough. 

9. A system as claimed in claim 8 wherein the aperture of said drainage port opening into 
said cylindrical body member is circular in cross section and of a diameter smaller than that of 

40 said spheroidal members, said aperture having provided thereover at least one horizontal cross 40 
member to prevent any said spheroidal member from seating in and sealing said aperture. 

10. A system as claimed in claim 8 wherein said drainage port has a plurality of apertures at 
its opening into said cylindrical body member, said apertures being circular of a diameter less 
than that of said spheroidal members, the centres of adjacent apertures being spaced apart by a 

45 distance less than the diameter of said spheroidal members whereby a said spheroidal member 45 
seated in one said aperture prevents further said spheroidal members from seating in adjacent 
apertures. 

11. A system as claimed in claim 8 wherein the aperture of said drainage port opening into 
said cylindrical body member is elongate, the width thereof being less than the diameter of said 

50 spheroidal members. 50 

12. A system as claimed in claim 8 wherein the aperture of said drainage port opening into 
said cylindrical body member comprises a lattice like array of rectangular apertures the shorter 
dimension of each being less than the diameter of said spheroidal members. 

13. A system as claimed in any one of claims 1 to 12 wherein said first heat exchanger 

55 comprises apparatus serving in the operation of said first heat exchanger to reduce the tempera- 55 
ture of heat transfer medium passing through said first conduit element and said second heat 
exchanger comprises apparatus serving in the operation of said second heat exchanger to 
increase the temperature of heat transfer medium passing through said second conduit element. 

14. A system as claimed in claim 13 wherein said control means is arranged to increase flow 

60 of heat transfer medium through said bypass conduit element when the signal from said temper- 60 
ature sensing means indicates the monitored temperature to be below said preset value and to 
increase flow of heat transfer medium through said tank when the signal from said temperature 
sensing means indicates the monitored temperature to be above said preset value. 

15. A system as claimed in any one of claims 1 to 12 wherein said first heat exchanger 

65 comprises apparatus serving in the operation of said first heat exchanger to increase the 65 
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temperature of heat transfer medium passing through said first conduit element and said second 
heat exchanger comprises apparatus serving in the operation of said second heat exchanger to 
decrease the temperature of heat transfer medium passing through said second conduit element. 

16. A system as claimed in claim 15 wherein said control means is arranged to increase flow 

5 of heat transfer medium through said bypass conduit element when the signal from said temper- 5 
ature sensing means indicates the monitored temperature to be above said preset value and to 
increase flow of heat transfer medium through said tank when the signal from said temperature 
sensing means indicates the monitored temperature to be below said preset value. 

17. A system as claimed in any one of claims 1 to 16 wherein said thermal energy storing 

10 medium with which said spheroidal members are charged comprises an aqueous eutectic solution 10 
containing at least one of the following: ^ 
Na 2 C0 3 , KHCO* BaCI 2 , KCI, NH 4 CI, NH 4 N0 3 , CaCI,, NaBr, MgCI 2 , K2CO3, NaOH and H*S0 4 . 

18. A system as claimed in claim 17 wherein said aqueous eutectic solution contains as a 
nucleator at least one of the following: 

15 MgO, Mg(0H) 2 , MgC0 3 , MgS0 4 , MgCI 2 , MgBr 2 , CaO, Ca(OH) 2 , CaC0 3 , CaS0 4 , CuS0 4 , NiSO,, 15 
ZnS0 4 , Sr(0H) 2 , SrC0 3 , Ba(OH) 2 , BaO, BaCO* N a2 S0 4 , Na 2 B 4 0 7 , Ua£\0 3 , KOH, KN0 3 and NiCI 2 

19. A thermal energy storage system utilizing latent heat comprising a heat transmitting tube 
for a time of thermal energy storing mode and a heat transmitting tube for a time of thermal 
energy radiating mode, said heat transmitting tube for the thermal energy storing mode being 

20 arranged to pass a heat transfer medium, which is discharged from a heat exchanger provided at 20 
an energy generation side, to a thermal energy storing tank under the action of a pump and 
return said heat transfer medium to the heat exchanger provided at said energy generation side 
said thermal energy storing tank densely receiving small spherical thermal energy storing mem- ' 
bers therewithin, each of said small spherical thermal energy storing members being charged 

25 with a thermal energy storing medium, said heat transmitting tube for the thermal energy 25 
radiating mode being branched out from a part of the first-mentioned heat transmitting tube at 
the upstream side of said thermal energy storing tank and connected, through a heat exchanger 
provided at an energy consumption side, to a part of the first-mentioned heat transmitting tube 
at the downstream side of said thermal enegy storing tank, thereby passing a heat transfer 

30 medium, which has been discharged from the heat exchanger provided at said energy consump- 30 
tion side, to the thermal energy storing tank under the action of a pump and then passng said 
heat transfer medium to the heat exchanger provided at said energy consumption side, wherein 
said thermal energy storing system utilizing latent heat further comprises a bypass tube for 
connecting the parts of the heat transmitting tube for the thermal energy radiating mode at the 

35 upstream and downstream sides of the heat exchanger provided at said energy consumption 35 
side and a three-way control valve arranged at the junction point between the heat transmitting 
tube for the thermal energy storing mode and bypass tube which are so constructed that when 
the temperature t of the heat transfer medium detected at a position short of the point where 
the heat transfer medium enters through said junction point into the heat exchanger provided at 

40 said energy consumption side becomes higher than a predetermined temperature T at the same 40 
position, the difference At between the temperatures is used as a control signal to actuate said 
three-way control valve to cause a part of the heat transfer medium, which is discharged from 
the heat exchanger provided at said energy consumption side, to pass through the bypass tube 

>ic a " d ' eturn into the heat exchanger provided at said energy consumption side, thereby adjusting 

45 the flow rate of the heat transfer medium which is passed through said thermal energy storing 45 
tank. 

20. A thermal energy storage system utilizing latent heat comprising a heat transmitting tube 
for a time of thermal energy storing mode and a heat transmitting tube for a time of thermal 
energy radiating mode, said heat transmitting tube for the thermal energy storing mode being 

50 arranged to pass a heat transfer medium, which is discharged from a heat exchanger provided at 50 
an energy generation side, to a thermal energy storing tank under the action of a pump and 
return said heat transfer medium to the heat exchanger provided at said energy generation side 
said thermal energy storing tank densely receiving small spherical thermal energy storing mem- ' 
b * r * therewithin, each of said small spherical thermal energy storing members being charged 

55 with a thermal energy storing medium, said heat transmitting tube for the thermal energy 55 
radiating mode being branched out from a part of the first-mentioned heat transmitting tube at 
the upstream side of said thermal energy storing tank and connected, through a heat exchanger 
provided at an energy consumption side, to a part of the first-mentioned heat transmitting tube 
at the downstream side of said thermal energy storing tank, thereby passing a heat transfer 

60 medium, which has been discharged from the heat exchanger provided at said energy consump- 60 
tion side, to the thermal energy storing tank under the action of a pump and then passing said 
heat transfer medium to the heat exchanger provided at said energy consumption side, wherein 
said thermal energy storing system utilizing latent heat further comprises a bypass tube for 
connecting the parts of the heat transmitting tube for the thermal energy radiating mode at the 

65 upstream and downstream sides of the heat exchanger provided at said energy consumption 65 
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side and a three-way control valve arranged at the junction point between the heat transmitting 
tube for the thermal energy storing mode and the bypass tube which are so constructed that 
when the temperaure t of the heat transfer medium detected at a position short of the point 
where the heat transfer medium enters through said junction point into the heat exchanger 
5 provided at said energy consumption side becomes higher than a predetermined temperature T 5 
at the same position, the difference At between the temperatures is used as a control signal to 
actuate said three-way control valve to cause a part of the heat transfer medium, which is 
discharged from the heat exchanger provided at said energy consumption side, to pass through 
the bypass tube and return into the heat exchanger provided at said energy consumption side, 

10 thereby adjusting the flow rate of the heat transfer medium which is passed through said thermal 10 
energy storing tank, wherein the thermal energy storing tank is of a horizontal stationary type, 
which comprises a cylindrical body, end caps fixed to the opposite ends of said cylindrical body, 
connection ports, flow diffusing members disposed near the opposite ends of the cylindrical 
body in confronting relation to said connection ports, and a draining means formed at the lower 

15 position of the horizontal body, wherein the ratio of the diameter D to the horizontal length L of 15 
the tank is within the range 1:3-6 and wherein the tank contains a plurality of small spherical 
thermal energy storing members, each filled with a thermal energy storing medium, which are 
closely received in an inside chamber of the tank defined by said flow diffusing members, said 
draining means being formed of a draining tube, one or more draining openings and a valve for 

20 closing said draining tube, said one or more draining openings being so formed as to inhibit the 20 
passage of said small spherical thermal energy storing members but to allow the passage of the 
heat transfer medium. 

21. A thermal energy storing system utilizing latent heat as set forth in Claim 19, 
wherein the energy generation side includes means for generating a cold heat and the energy 

25 consumption side comprises equipment for utilizing the cold heat; 25 
wherein when the relationship between t and T is t*=T, the three-way control valve is - 
operated by a control system so that a first thermal energy radiating mode is obtained, whereby 
all of the heat transfer medium which is discharged from the heat exchanger provided at the 
energy consumption side is passed through the thermal energy storing tank by the pump and is 

30 then returned back to the heat exchanger provided at the 4 energy consumption side; 30 
wherein when the relationship between t and T is f<T, the. three-way control valve is 
operated by the control system so that a second thermal energy radiating mode is obtained, 
whereby a part of the heat transfer medium which is discharged from the heat exchanger 
provided at the energy consumption side is passed through the bypass tube and is then returned 

35 back to the heat exchanger provided at the energy consumption side, while the flow rate of the 35 
heat transfer medium which is passed through the thermal energy storing tank is controlled and 
regulated in proportion to the difference At; 

wherein when the relationship between f and T is f> 7, the three-way control valve is 
operated by said control system to prevent flow of heat transfer medium through the bypass 

40 tube and the pump and the heat exchanger provided at the energy generation side are, if 40 
necessary, actuated by the control system whereby, a part of the heat transfer medium which is 
discharged from the heat exchanger provided at the energy consumption side is passed through 
the heat exchanger provided at the energy generation side and is then returned back to the heat 
exchanger provided at the energy consumption side so that a backup operation mode or a third 

45 thermal energy radiating mode is obtained; 45 
wherein when the relationship between t and 7 becomes t< 7 during the backup operation 
mode, the three-way control valve is operated so that a fourth thermal energy radiating mode is 
obtained, whereby a part of the heat transfer medium which is discharged from the heat 
exchanger provided at the energy consumption side is passed through the bypass tube and is 

50 then returned back to the heat exchanger provided at the energy consumption side, while a flow 50 
rate of the heat transfer medium which is passed through the thermal energy storing tank is 
controlled and regulated in proportion to the difference At; and 

wherein when a flow rate of the heat transfer medium fed to the primary side of the pump 
becomes less than the output capacity thereof during the fourth thermal energy radiating mode 

55 for the reason that as a flow rate of the heat transfer medium which is passed through the 55 
bypass tube is increased, the flow rate of the heat transfer medium which is fed to the primary 
side of said pump is decreased, a part of the heat transfer medium which is discharged from the 
heat exchanger provided at the energy generation side is directed to the primary side of said 
pump through the thermal energy storing tank and is then returned back to the heat exchanger 

60 provided at the energy generation side so that both a thermal energy storing mode and a 60 
thermal energy radiating mode are obtained. 

22. A thermal energy storing system utilizing latent heat set forth in Claim 19: 

wherein the energy generation side includes means for generating a hot heat and the energy 
consumption side comprises equipment for utilizing the hot heat; 
65 wherein when the relationship between t and 7 is f=7, the three-way control valve is 65 
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operated by a control system so that a first thermal energy radiating mode is obtained, whereby 
all of the heat transfer medium which is discharged from the heat exchanger provided at the 
energy consumption side is passed through the thermal energy storing tank by the pump and is 
then returned back to the heat exchanger provided at the energy consumption side; 
5 wherein when the relationship between t and T is t>T. the three-way control vafve is 5 
operated by the control system so that a second thermal energy radiating mode is obtained, 
whereby a part of the heat transfer medium which is dsicharged from the heat exchanger 
provided at the energy consumption side is passed through the bypass tube and is then returned 
back to the heat exchanger provided at the energy consumption side, while the flow rate of the 

10 heat transfer medium which is passed through the thermal energy storing tank is controlled and 10 
regulated in proportion to the difference At; 

wherein when the relationship between rand T is t<T, the three-way control valve is 
operated by said control system to prevent flow of heat transfer medium through the bypass 
tube and the pump and the heat exchanger provided at the energy generation side are, rf 
/ 15 necessary, actuated by the control system whereby a part of the heat transfer medium which is 15 
discharged from the heat exchanger provided at the energy consumption side is passed through 
the heat exchanger provided at the energy generation side and is then returned back to the heat 
exchanger provided at the energy consumption side so that a backup operation mode or a third 
thermal energy radiating mode is obtained; 

20 wherein when the relationship between t and T becomes t> T during the backup operation 20 
mode, the three-way control valve is operated so that a forth thermal energy radiating mode is 
obtained, whereby a part of the heat transfer medium which is discharged from the heat 
exchanger provided at the energy consumption side is passed through the bypass tube and is 
then returned back to the heat exchanger provided at the energy consumption side, while a flow 

25 rate of the heat transfer medium which is passed through the thermal energy storing tank is 25 
controlled and regulated in proportion to the difference At; and 

wherein when a flow rate of the heat transfer medium fed to the primary side of the pump 
becomes less than the output capacity thereof during the fourth thermal energy radiating mode 
for the reason that as a flow rate of the heat transfer medium which is passed through the 

30 bypass tube is increased, the flow rate of the heat transfer medium which is fed to the primary 30 
side of said pump is decreased, a part of the heat transfer medium which is discharged from the 
heat exchanger provided at the energy generation side is directed to the primary side of said 
pump through the thermal energy storing tank and is then returned back to the heat exchanger 
provided at the energy generation side so that both a thermal energy storing mode and a 

35 thermal energy radiating mode are obtained. 35 

23. A thermal energy storing system utilizing latent heat as set forth in Claim 20, wherein 
the draining opening of the draining means comprises a single circular hole which is opened in 
the cyiindncal body of the thermal energy storing tank and which has a smaller diameter than 
the diameter d of the small spherical thermal energy storing members, but one or more cross 

40 members honzontally traverse the circular hole so as to prevent the small spherical members 40 
from being seated in and closing the circular hole. 

24. A thermal energy storing system utilizing latent heat as set forth in Claim 20, wherein 
the draining openings of the draining means comprise a plurality of circular holes which are 
opened in the cylindrical body of the thermal energy storing tank and which have a shorter 

45 diameter than the diameter d of the small spherical thermal energy storing members, and 45 
wherein a pitch P between the adjacent circular holes is shorter than the diameter d of the small 
spherical members so that each of the small spherical members forming a mass within the tank 
is prevented from being seated in and closing the smaller circular hole. 
u 25 ^ — thermal ener 9Y storing system utilizing latent heat as set forth in Claim 20, wherein 

50 the draining opening of the draining means comprises one or more elongate apertures which are 50 
opened in the cylindrical body of the thermal energy storing tank and which have a narrower 
width than the diameter d of the small spherical thermal energy storing members. 

26. A thermal energy storing system utilizing latent heat as set forth in Claim 20, wherein 
the draining openings of the draining means comprise small rectangular holes disposed as like a 

55 lattice, which are opened in the cylindrical body of the thermal energy storing tank and each of 55 
which has shorter sides than the diameter d of the small spherical thermal enerqv storinq 
members. 3 

27. A thermal energy storing system utilizing latent heat as set forth in Claim 20, wherein 
the flow diffusing members which are disposed near the opposite ends of the cylindrical body of 

60 the thermal energy storing tank in confronting relation to the connection ports comprise circular 60 
plate members in each of which a plurality of flowing perforations is formed. 

28. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 
the small spherical thermal energy storing members which are densely received in the thermal 
energy storing tank are charged with a thermal energy storing meduim which is mainly com- 

65 posed of an eutectic mixture of sodium carbonate (NaaCOJ aqueous solution. 65 
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29. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 
the small spherical thermal energy storing members which are densely received in the thermal 
energy storing tank are charged with a thermal energy storing medium which is mainly com- 
posed of an eutectic mixture of potassium bicarbonate (KHCOJ aqueous solution. 
5 30. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 5 
the small spherical thermal energy storing members which are densely received in the thermal 
energy storing tank are charged with a thermal energy storing medium which is mainly com- 
posed of an eutectic mixture of barium chloride (BaClj aqueous solution. 

31. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 

10 the small spherical thermal energy storing members which are densely received in the thermal 10 
energy storing tank are charged with a thermal energy storing medium which is mainly com- 
posed of an eutectic mixture of potassium chloride (KG) aqueous solution. 

32. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 
the small spherical thermal energy storing members which are densely received in the thermal 

15 energy storing tank are charged with a thermal energy storing medium which is mainly com- 15 
posed of an eutectic mixture of ammonium chloride (NH 4 CI) aqueous solution. 

33. A thermal energy storing system utilizing latent hat as set forth in Claim 19, wherein the 
small spherical thermal energy storing members which are densely received in the thermal energy 
storing tank are charged with a thermal energy storing medium which is mainly composed of an 

20 eutectic mixture of ammonium nitrate (N^NOJ aqueous solution. 20 

34. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 
the small spherical thermal energy storing members which are densely received in the thermal 
energy storing tank are charged with a thermal energy storing medium which is mainly com- 
posed of an eutectic mixture of sodium nitrate (NaNOJ aqueous solution. 

25 35. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 25 
the small spherical thermal energy storing members which are densely received in the thermal 
energy storing tank are charged with a thermal energy storing medium which is mainly cqm^ 
posed of an eutectic mixture of calcium chloride (CaCI 2 ) aqueous solution. 

36. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 

30 the small spherical thermal energy storing members which are densely received in the thermal 30 
energy storing tank are charged with a thermal energy storing medium which is mainly com- 
posed of an eutectic mixture of sodium bromide (NaBr) aqueous solution. 

37. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 
the small spherical thermal energy storing members which are densely received in the thermal 

35 energy storing tank are charged with a thermal energy storing medium which is mainly com- 35 
posed of an eutectic mixture of magnesium chloride (MgCI 2 ) aqueous solution. 

38. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 
the small spherical thermal energy storing members which are densely received in the thermal 
energy storing tank are charged with a thermal energy storing medium which is mainly com- 

40 posed of an eutectic mixture of potassium carbonate (KjCOJ aqueous solution. 40 

39. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 
the small spherical thermal energy storing members which are densely received in the thermal 
energy storing tank are charged with a thermal energy storing medium which is mainly com- 
posed of an eutectic mixture of sodium hydroxide (NaOH) aqueous solution. 

45 40. A thermal energy storing system utilizing latent heat as set forth in Claim 19, wherein 45 
the small spherical thermal energy storing members which are densely received in the thermal 
energy storing tank are charged with a thermal energy storing medium which is mainly com- 
posed of a solution including water (H 2 0) and small quantities of sulphuric acid (K^SOJ added 
thereto. 

50 41. A thermal enregy storing system utilizing latent heat as set forth in any one of Claims 28 50 
through 40, wherein the solution with which the small spherical thermal energy storing members 
are charged includes as a nucleator small quantities of at least one material selected from the 
group consisting of magnesium oxide (MgO), magnesium hydroxide (Mg(OH) 2 ) # magnesium carbo- 
nate (MgCOJ, magnesium sulphate (MgSOJ, magnesium chloride (MgCIJ, magnesium bromide 

55 (MgBrJ, calcium oxide (CaO), calcium hydroxide (CafOHJJ, calsium carbonate (CaCOa), calcium 55 
sulphate (CaSOJ, copper sulphate (CuSOJ, nickel sulphate (NiSOJ, zinc sulphate {ZnSOJ stron- 
tium hydroxide (Sr{0H) 2 ), strontium carbonate (SrCOJ, barium hydroxide (Ba(0H) 2 ), barium oxide 
(BaO), barium carbonate (BaCOJ, sodium sulphate (Na^OJ, sodium tetraborate (Na 2 B 4 0 7 ), sodium 
silicate {Na^iOJ, potassium hydroxide (KOH), potassium nitrate (KNOJ and nickel chloride {NiCIJ. 



Printed in the United Kingdom for Her Majesty's Stationery Office. Dd 8818935. 1986, 4235. 

Published at The Patent Office. 25 Southampton Buildings. London. WC2A 1AY. from which copies may be obtained. 



